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Purpose: Our purpose was to assess the accuracy and optimal threshold values of the 
Doppler parameters ofthe renal arteries and parenchyma for detecting renal artery stenosis 
(RAS) greater than 60% and occlusion. 
Methods: Renal duplex ultrasonography and standard angiographic studies of the renal 
arteries were performed in 78 patients for comparative analysis. Three degrees of RAS 
were considered: less than 60%, greater than 60%, and occlusion. The following 
parameters ofthe Doppler wave were measured in the signal obtained from the main renal 
artery and interlobar arteries: peak systolic velocity (PSV), end-diastolic velocity, 
peripheral resistance index, acceleration time, acceleration i dex, and renal/aortic ratio 
(RAR). 
Results: Logistic regression analysis identified the PSV in the renal artery as the best 
parameter todifferentiate RAS less than 60% from RAS greater than 60%. Only when this 
parameter was excluded were the RAR and end-diastolic velocity in the renal artery the 
variables accepted as the best predictors. Receiver-operator cu ve analysis revealed a PSV 
in the main renal artery greater than 198 cm/sec and RAR greater than 3.3 as the best 
cutoff points for detecting RAS greater than 60%. A PSV above this threshold provided 
87.3% sensitivity and 91.5% specificity. The RAR showed similar specificity (92.4%) but 
a much lower sensitivity (76.4%). A kidney length less than 8.5 cm, in addition to an absent 
Doppler signal in renal parenchyma, was the best criterion to identify renal artery 
occlusion. On the basis of the above-mentioned criteria, renal duplex scanning correctly 
identified 86 of 94 cases of RAS less than 60%, 41 of 48 cases of RAS greater than 60%, 
and six of seven occlusions (~ value --- 0.8). 
Conclusions: These results uggest that the PSV in the renal artery is the best predicting 
Doppler parameter to detect RAS greater than 60%. A PSV greater than 198 cm/sec may 
be an appropriate cutoff point to diagnose this group of stenosis. The RAR did not add 
any predicting utility in this series. An absent Doppler signal in the renal parenchyma and 
a kidney length less than 8.5 cm were the best predictors of renal artery occlusion. (J VAse 
SURG 1996;23:428-35.) 
Recently, renal duplex scanning has been re- 
ported to demonstrate improved accuracy for detec- 
tion of renovascular disease compared with previ- 
ously proposed screening methods. Various investi- 
gators have developed criteria that can be used to 
detect stenosis or occlusion of the renal artery. One 
of the most reliable parameters i  based on the ratio 
of  peak systolic velocities in the renal artery and the 
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aorta. A renal/aortic ratio greater than 3.5 predicts 
renal artery stenosis (RAS) greater than 60% with a 
sensitivity of  84% to 91% and a specificity of  95% to 
97%. 14 Furthermore, several levels of  peak systolic 
velocity (PSV), ranging from 100 to 200 cm/sec, 
have been proposed with different accuracies. 4 7 
Nevertheless, technical pitfalls such as bowel gas, 
cardiac and aortic pulsations, or respiratory motion 
can hinder direct evaluation of the renal arteries. 
Consequently, some authors prefer a coronal ap- 
proach through the flank. Indirect Doppler findings 
at this level were first reported by Handa et al.,8 who 
suggested the use of the acceleration time (AT) and 
the acceleration index (AI) of the Doppler wave 
obtained from the distal main renal artery as the best 
predictors of  RAS greater than 60%. 
Taking into account this heterogeneity of  criteria, 
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this study was specially designed. The main purpose 
was to evaluate the actual utility of the Doppler 
parameters of the renal arteries, to assess its predictive 
value and optimal cutoff points for detecting RAS 
greater than 60% and occlusion. 
PATIENTS AND METHODS 
The study population for renal duplex scanning 
validity analysis consisted of 78 consecutive patients: 
60 hypertensive patients with aortoiliac disease and 
18 submitted for clinically suspected renovascular 
hypertension. Patients were considered for inclusion 
on the basis of mild or severe hypertension (blood 
pressure > 160/90 mm Hg or needing two or more 
drugs to be controlled). Blood pressure lower than 
160/90 mm Hg without treatment, under diet 
control, and controlled with only one drug were 
considered exclusion criteria. Those patients with 
cardiac arrhythmia, severe respiratory disease, or 
excessive obesity were excluded from the study, 
because these conditions render enal duplex scan- 
ning difficult or impossible. 
Sixty-three patients (80.8%) were men and 15 
(19.2%) were women, with a mean age of 
63.9 + 11.0 years (range 18 to 81 years). Sixteen 
patients (20.5%) were hypertensive (blood pressure 
>160/90 mm Hg) under diet control and 41 
(52.6%) were being treated with a single drug. 
Twenty-one patients (26.9%) needed two or more 
drugs to control their hypertension. Fifteen patients 
(19.2%) showed creatinine plasma levels greater than 
1.3 mmol/L. As for atherogenic risk factors, 48 
patients (61.5%) smoked more than 10 pack per year, 
14 (17.9%) had diabetes mellitus, and 23 (29.5%) 
had hyperlipidemia. Eighteen patients (23%) had a 
history of coronary disease, 54 (69.2%) had periph- 
eral arterial occlusive disease, and six (7.7%) had 
aortic aneurysms. 
Renal duplex ultrasonography and standard an- 
giographic studies of the renal arteries were per- 
formed in all patients for comparative analysis. The 
duplex examination was carried out with a 2.25 MHz 
phased-array transducer (ATL Ultramark 9 DP, 
Seattle, Wash.). An anterior approach with different 
cross-sectional images was used to identify the origin 
of both main renal arteries, taking the left renal vein 
as the major landmark. Once the Doppler signal was 
obtained, the renal arteries were scanned throughout 
their length, while attempting to keep the incident 
angle as close to 60 degrees as possible. Finally, the 
length and cortical thickness of both kidneys were 
measured, recording the Doppler signals in the renal 
parenchyma (interlobar arteries). The following pa- 
rameters of the Doppler wave were registered for 
further analysis: PSV, end-diastolic velocity (EDV), 
peripheral resistance index (PRI), AT, AI, and 
renal/aortic ratio (RAR). 
Digital subtraction (intraarterial) angiography 
was performed in all patients. In those cases of poor 
visualization of the origin of the renal artery, left and 
right oblique projections were used. Selective cath- 
eterization was performed only in those cases in 
which angioplasty was indicated. Measurement of
stenosis was obtained by calculating the relationship 
between the diameter in the point of maximum 
stenosis (B) and the poststenotic segment (A): 
percent stenosis = (A -  B)/A. Three degrees of 
stenosis was established for both diagnostic methods: 
lower than 60%, greater than 60%, and occlusion. 
Statistical analysis (SPSS-PC + ) included escrip- 
tive statistics of qualitative and quantitative ariables; 
logistic regression analysis for identification of those 
variables predicting RAS grading, categorized into 
two groups (RAS <60% and RAS >60%); 
receiver-operator cu ves to determine the best cutoff 
points for the selected variables; comparison between 
duplex scanning and angiography (gold standard) in 
terms of sensitivity, specificity, predictive values, and 
overall accuracy for each one of the grading groups 
(RAS <60%, RAS >60%, and occlusion); and 
agreement between both techniques (K value). For 
any bilateral comparison, a statistically significant 
difference was considered when p < 0.05. 
RESULTS 
Seventy-eight patients underwent both examina- 
tions. On the basis of angiographic findings, 34 
patients without lesions or with mild RAS ( < 60%) 
were identified. Another 44 patients howed severe 
lesions (RAS > 60%, including seven cases of renal 
artery occlusion), unilateral in 30 and bilateral in 14. 
Consequently, the prevalence of significant renovas- 
cular disease in this series was 56.4%, with bilateral 
lesions in 31.8% of cases. As for distribution by 
arteries, 98 were categorized as RAS less than 60%, 
51 as RAS greater than 60%, and seven as occlusions 
(Table I). On the basis of the clinical data and 
morphologic appearance in the angiogram (segmen- 
tary stenoses inthe proximal third of the renal artery), 
all the lesions were typified as being of atherosclerotic 
origin. 
Renal duplex scanning allowed us to identify 142 
renal arteries. In seven patients there was unilateral 
occlusion of the main renal artery. The inability to 
detect the Doppler signal at its theoretic location, in 
addition to the absence of flow in a small kidney (axial 
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Table I. Distribution of agreements 
between Doppler ultrasonography and 
angiography in differentiating the grading of 
stenosis of the renal artery 
Angiography 
Duplex < 60% > 60% Occlusion Total 
< 60% 86 7 0 93 
> 60% 8 41 1 50 
Occlusion 0 0 6 6 
Total 94 48 7 149 
Missing cases = 7. 
Kappa = 0.8. 
length lower than 9 cm), led to the correct diagnosis 
in six patients. The other case was misdiagnosed, 
mainly because of the detection of flow in the 
parenchyma despite the occlusion of the main inflow 
vessel. Even though the Doppler signal was detected 
in the interlobar arteries, one of the two renal arteries 
could not be identified at its origin in seven patients 
(three on the right and four on the left). If we 
consider three other patients who were withdrawn 
from the study on the basis of the aforementioned 
exclusion criteria (two cases of excessive obesity and 
one noncollaborative patient because of respiratory 
restriction), the rate of technically inadequate exami- 
nations in this series was 8%. 
Accuracy of duplex scanning for detecting 
KAS greater than 60%. Mean values and SDs of 
Doppler parameters ecorded from renal arteries and 
interlobar arteries are shown in Tables II and III, 
respectively. At the end of the study, data were 
reviewed retrospectively to identify the Doppler 
parameter that best predicted angiographic RAS 
greater than 60%. A logistic regression analysis was 
performed, considering stenosis grading, categorized 
into two groups (RAS < 60% and RAS > 60%), as 
the dependent variable. Independent variables were 
PSV in the renal artery (PSVRA) and parenchyma 
(PSVRP), EDV in the renal artery (DVKA) and 
parenchyma (DVRP), RAR, and AT. Those variables 
designed from the relation between other variables 
were excluded from the analysis. PSVRA was iden- 
tified as the best parameter to differentiate RAS less 
than 60% from RAS greater than 60% (odds 
ratio = 1.03). Only when PSVRA was excluded 
were RAR and DVRA the variables accepted as the 
best predictors (odds ratio = 2.9 and 1.04, respec- 
tively). None of the Doppler parameters egistered in
the interlobar arteries (PSVRP, DVRP, and AT) 
were included in the model. 
The distribution of frequencies corresponding to
the values of PSVRA and RAR in relation to the 
grading of stenosis (RAS < 60% and RAS > 60%) 
are shown in Figs. 1 and 2. The threshold values that 
most accurately differentiated both categories were 
calculated according to the formulas designed by 
Robert et al.9 This method provides a probabilistic 
approach to maximize the rate of correct classifica- 
tions. A PSVRA greater than 198 cm/sec and an 
RAR greater than 3.3 were identified as the best 
cutoff points to detect RAS greater than 60%. A 
PSVRA above this threshold provided 87.3% sensi- 
tivity and 91.5% specificity. When RAR was con- 
sidered as the diagnostic riterion, specificity was 
similar (92.4%), but a much lower sensitivity was 
obtained (76.4%). Confidence intervals of analysis 
for accuracy for both parameters are shown in Table 
IV. Receiver-operator curves confirmed the above- 
mentioned cutoff points (Fig. 3). In these charts the 
sensitivity obtained for each cutoff level is plotted as 
a function of i00 - specificity, which represents he 
rate of false-negative r sults. As can clearly be seen, 
the PSVRA curve is displaced to the left in relation 
to that of the RAR; however, comparison between 
both areas under the curve 1~ showed no statistically 
significant difference. 
Duplex accuracy for detecting renal artery 
occlusion. Occlusion of the renal artery was diag- 
nosed primarily according to a kidney length less than 
9 cm and absent flow in the renal parenchyma. 7 Ret- 
rospective analysis of the ultrasonographic measure- 
ments of kidney sizes demonstrated that all seven 
kidneys ipsilateral to an occluded renal artery were 
smaller than 8.5 cm with a cortical thickness less than 
1 cm. Nevertheless, 15 kidneys with patent renal ar- 
teries also showed a kidney size below this threshold 
value (six cases ofKAS < 60% and nine cases of RAS 
> 60%). On the basis of these parameters, accuracy 
for detecting renal artery occlusion was: sensitiv- 
ity = 85.7%, specificity = 100%, positive predictive 
value = 100%, negative predictive value = 99.3%, 
and accuracy = 99.3%. 
Agreement of duplex scanning versus angiog- 
raphy. Taking into account he above-mentioned 
criteria (PSVKA > 198 cm/sec to differentiate RAS 
> 60% and kidney length < 8.5 cm with absence of 
flow to identify renal artery occlusion), results of 
renal duplex scanning and angiographic findings 
were compared (Table I). Renal duplex scanning 
correctly identified 86 of 94 cases of KAS less than 
60%, 41 of 48 cases of RAS greater than 60%, and 
six out of seven occlusions. Total agreement showed 
a K value of 0.8. 
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Table II. Mean values and SDs corresponding to the main parameters of the Doppler wave 
obtained from the renal artery, according to the degree of stenosis (< 60% and > 60%) 
Doppler 
PSVRA mean DVRA mean RAR mean 
(cm/sec) (SD) (cm/sec) (SD) (SD) 
PRI  mean 
(SD) 
<60% 138.1 (45.5) 39.9 (18.8) 2.18 (0.86) 0.71 (0.08) 
>60% 255.8 (71.1) 72.9 (36.4) 4.60 (2.35) 0.72 (0.07) 
p Value < 0.001 < 0.001 < 0.001 0.613 
Table III. Mcan values and SDs corresponding to the main parameters of the Doppler wave 
obtained from the renal parenchyma (interlobar arteries), according to the degree of stenosis 
( < 60% and > 60%) 
Doppler 
PSVRP mean DVRP mean DSR mean AT  mean (see) A I  mean (cm/sec 2)
(cm/sec) (SD) (cm/sec) (SD) (SD) (SD) (SD) 
<60% 41.0 (9.8) 11.2 (11.2) 0.28 (0.09) 0.09 (0.05) 450.6 (277.1) 
>60% 36.4 (14.1) 14.1 (6.1) 0.31 (0.08) 0.13 (0.12) 265.1 (175.0) 
p Value 0.021 0.4 0.016 0.007 < 0.001 
DSR, DVRP/PSVRP. 
Accessory renal arteries. Angiography showed 
one or more accessory renal arteries in 18 kidneys 
(11.5%), corresponding to 12 patients; none of them 
were detected by duplex scanning. Nevertheless, only 
two kidneys had severe stenosis in the origin and both 
were associated with RAS greater than 60% of the 
main renal artery. 
DISCUSSION 
Recent advances in duplex technology have dem- 
onstrated its utility fbr the noninvasive hemodynamic 
examination of the extracranial carotid artery and 
vessels of the extremities ll; however, insonation of 
the deep abdominal vessels brings about some 
technical drawbacks compared with examination of 
the more superficial neck or leg arteries. 
In this study the anterior approach was used 
primarily in all patients. Although this approach is 
discouraged by some authors 12d3 because of its 
drawbacks, especially those related to bowel gas, this 
may be minimized with an appropriate diet and 
fasting for a minimum of 8 hours, in addition to the 
use of polyglycolic resins. This approach provides a 
better access to the origin of the renal arteries, taking 
the left renal vein as the major landmark. However, 
it is necessary to emphasize that all the lesions 
detected in this series were of atherosclerotic origin 
and were therefore located predominantly in the 
proximal third of the renal artery. Insonation of the 
distal part of the renal artery may prove easier 
through the flank. Consequently, this approach 
would be advisable in those cases of fibromuscular 
dysplasia with diffuse or distal lesions. 
The rate of technically inadequate xaminations 
through the anterior approach fluctuates between 
9% 6 and 23.5%, x4 depending on the series 
reviewed, vTd4 Only Robertson et al) s carefully 
controlled the duration of the examination, limiting 
attempts to 20 minutes. Allowing that a longer time 
was impractical in the clinical setting, they found that 
they could identify 95.5% of right and 82% of left 
renal arteries. In this study, 13 renal arteries (8%) 
could not be identified through the anterior approach 
despite being patent. 
A number of Doppler parameters have been 
proposed to differentiate severe grades of RAS 
( > 60%). The PSV in the renal artery s,6d6,17 and the 
RAR ~3'w were the first parameters to be described 
and, at present, the most frequently used, although 
others uch as the pulsatility index ls or the peripheral 
resistance index ~9 have been suggested with a similar 
objective. In this study, logistic regression analysis 
identified the PSV in the renal artery as the parameter 
that best predicted angiographic RAS greater than 
60%. Based on this single criterion, duplex scanning 
correctly classified 88.6% of the cases. 
The threshold value of PSV that provides the best 
accuracy to differentiate RAS less than 60% and RAS 
greater than 60% fluctuates, according to different 
authors. In the first reports of the method, a 
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Fig. 1. Distribution of values of PSV in renal artery related to grading ofstenosis (RAS < 60% 
and RAS > 60%). PSV = 198 cm/sec was identified as cutoff point that provided highest rate 
of correct classifications. (S, Sensitivity; Sp, specificity.) 
Table IV. Operative characteristics of PSV in the renal artery and RAR to differentiate both 
groups of stenosis ( < 60% and > 60%) 
Sensitivity Specificity PPV NPV Accuracy 
PSVRA 0.87 0.91 0.86 0.92 0.90 
CI 0.75 -0.95 0.84-0.96 0.74-0.94 0.85 -0.97 0.85-0.95 
RAR 0.76 0.92 0.86 0.87 0.86 
CI 0.63-0.87 0.85-0.97 0.73-0.94 0.78-0.93 0.81-0.92 
PPV, Positive predictive value; NPV, negative predictive value; CI, 95% confidence interval. 
threshold value of PSV = 100 cm/sec was ad- 
vised. 5,16 Nevertheless, further studies, comparing 
duplex results to angiogmphic findings, showed this 
value to be excessively low. 2~ Other authors have 
proposed ifferent cutoff points: 180 cm/sec, 7 200 
cm/sec, 4 and up to a maximum of 300 cm/sec.  6In this 
study the threshold value of PSV = 198 cm/sec 
provided the highest rate of correct classifications. 
The use of these criteria to differentiate RAS less than 
60% and RAS greater than 60% (including occluded 
arteries) showed asensitivity of 87.3% and specificity 
of 91.5%. These results are similar to those reported 
by other authors. 4"7 Positive predictive value and 
negative predictive value were 85.7% and 92.5%, 
respectively. In other words, within a population 
with a prevalence of RAS greater than 60% similar to 
that of this sample (56.4%), only 14% of positive 
resuks and 7.5% of negative results hould have been 
misdiagnoses. 
Receiver-operator curve analysis demonstrated 
that operative characteristics of the RAR were 
slightly inferior to those of the PSV in the renal 
artery, although comparison between both curves did 
not reveal a statistically significant difference. The 
cutoff point that provided the best accuracy (RAR 
>3.3) was similar to that reported in other 
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Fig. 2. Distribution f values of RAR related to grading of stenosis (RAS < 60% and R_AS 
> 60%). RAR = 3.3 was identified as cutoff point that provided highest rate of correct 
classifications. (S,Sensitivity; Sp, specificiw. ) 
series) 's4't2 However, although these criteria pro- 
vidcd a specificity (92.4%) similar to that obtained 
with PSV, there was a considerable loss of sensitivity 
(76.4%). Careful analysis of the data corresponding 
to the denominator used to calculate the RAR, aortic 
PSV, showed a marked variability. Those patients 
with heart failure and abdominal ortic aneurysm (six 
cases) showed the highest scores of RAR. In contrast, 
younger patients and those with peripheral arterial 
occlusive disease revealed the lowest values, probably 
because of greater aortic elasticity and increased 
peripheral resistance, respectively. For this reason, 
these results suggest that the use of the RAR as a 
single parameter to identify RAS greater than 60% 
does not offer any advantage compared with the PSV 
in the renal artery. 
Some authors have reported the Doppler signal 
recorded at the renal parenchyma asbeing accurate 
enough to detect RAS of the main renal artery) 2,13 
This modification of the original method offers the 
advantage of its translumbar pproach and provides 
a more acute incident angle, as well as obviating the 
main pitfalls of the anterior approach (i.e., the 
interference of bowel gas, respiratory motion, and 
excessive obesity), thereby reducing the time needed 
to peribrm the test. The most reliable parameters 
reported at this location were the time elapsed from 
the start of systole to peak systole, or AT, and its 
relation to the PSV, or AI. 8'~2'13 
The analysis of the data corresponding to the 
Doppler parameters ofthe interlobar artery readings 
demonstrated decreased values of PSV and pro- 
longed AT in those cases of severe stenosis (RAS 
> 75%). However, both parameters were excluded 
t?om the logistic regression model performed to 
analyze the predictive utility of the Doppler variables 
in detecting RAS greater than 60%. A comparison 
between these results and those reported by other 
authors would require the following observations to
be taken into account: First, they can be influenced by 
the selected measurement points: renal hilum, 8 seg- 
mentary arteries, 12'13 or interlobar arteries in this 
study. Second, although the degree of stenosis 
considered hemodynamically significant was RAS 
greater than 50% 8'12 and RAS greater than 60%, 13 
this may be influenced by the method used to record 
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Fig. 3. Receiver-operator cu ves correspond toPSV in renal artery and RAR. 
the degree of stenosis. Its assessment from a single 
anteroposterior angiographic view is subject o great 
variability. However, we believe that indirect param- 
eters may be useful for detecting severe grades of 
RAS and even for the assessment of renal perfusion, 
but they neither exclude nor substitute the valuable 
information obtained from direct signs of RAS 
provided by examination through the anterior ap- 
proach. Insonation of the proximal part of the renal 
artery permits earlier and more accurate detection of 
RAS. 
Occlusion of the renal artery was diagnosed 
primarily according to a kidney length less than 9 cm 
and absent flow in the renal parenchyma.7 Retrospec- 
tive analysis of the ultrasonographic measurements of 
kidney sizes showed that all seven kidneys ipsilateral 
to an occluded renal artery were smaller than 8.5 cm 
with a cortical thickness less than i cm. In one patient 
the detection of a weak Doppler signal in the 
interlobar arteries (PSV = 15 cm/sec) erroneously 
suggested patency of the main renal artery. Careful 
inspection of the angiogram showed refilling of the 
distal renal artery through collateral pathways. These 
data confirm the utility of renal duplex scanning to 
identify occlusion of the renal artery and suggest i s 
usefulness for the assessment of the distal renal 
vascular bed. Detection of signal flow within the renal 
parenchyma, together with angiographic findings 
and isotopic measurement of residual renal function, 
may be helpful in decision making for renal salvage 
despite complete renal artery occlusion. 
The inability to identify patterns of multiple renal 
arteries has frequently been argued against the 
usefulness of duplex scanning. Accessory renal arter- 
ies have been reported to exist in about 20% of 
otherwise normal kidneys. 21 In this study, similar to 
other series, duplex scanning was unreliable in 
detecting any of the accessory enal arteries identified 
by angiography in 18 (11.5 %) kidneys. Nevertheless, 
although stenosis of an accessory renal artery theo- 
retically may bring about renovascular hypertension, 
in practice this is unlikely to occur. A retrospective 
review of arteriographic f ndings revealed stenosis of 
an accessory renal artery in only two cases, both 
associated with RAS greater than 60% of the main 
renal artery. 
These results uggest that PSV in the renal artery 
is the most accurate Doppler parameter for detecting 
RAS greater than 60%. A PSV greater than 198 
cm/sec may be an appropriate cutoff point to 
diagnose this group of stenoses. The RAR did not 
add any predicting utility in this series. An absent 
Doppler signal in the renal parenchyma and a kidney 
length less than 8.5 cm were the best predictors of 
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renal artery occlusion. Although the inability to 
detect accessory renal arteries continues to be one of 
the main pitfalls of renal duplex scanning, it seems to 
be an unlikely cause of renovascular hypertension i  
patients with atherosclerosis. 
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